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Background: Ulcerative colitis (UC), a chronic subtype within the spectrum of inflammatory bowel diseases, involves repeated
episodes of mucosal injury and impairment of the epithelial barrier. Despite evidence suggesting numerous signaling pathways
in UC pathogenesis, the underlying molecular mechanisms remain elusive. Herein, we sought to uncover disease-related genes
and investigate the role of 5-site APP cleaving enzyme 2 (BACE2) in disease progression.

Methods: Differentially expressed genes were screened from the GSE53306 and GSE75214 datasets. BACE2 expression in a
murine UC model was examined using quantitative real-time PCR (qQRT-PCR), Western blotting, and immunohistochemistry
assays. Functional assays were performed in lipopolysaccharide (LPS)-stimulated RAW264.7 macrophages following BACE2
knockdown, including qRT-PCR, Western blotting, enzyme-linked immunosorbent assay (ELISA), Cell Counting Kit-8 (CCK-8)
viability assays, terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) staining, and flow cytometry. The po-
tential contribution of the MAP kinase phosphatase-1 (MKP1)/nuclear factor kappa-B (NF-<B)/NOD-, LRR- and pyrin domain-
containing protein 3 (NLRP3) pathway was examined. Finally, the effects of BACE?2 silencing and MKP1 inhibition on disease
progression were evaluated in vivo using a mouse model with UC.

Results: Bioinformatic analysis identified BACE2 as one of the top upregulated genes in UC datasets. In vivo, UC mice exhib-
ited a notable reduction in body mass, an increased disease activity index, a shortened colon length, and increased expression of
BACE2 at both transcriptional and protein levels (p < 0.05). Histopathological analysis revealed severe epithelial damage and in-
flammatory cell infiltration, accompanied by enhanced BACE2 expression in colon tissues. In vitro, BACE2 knockdown reduced
LPS-stimulated tumor necrosis factor-alpha (TNF-«), interleukin-1 beta (IL-1/5), and IL-6 production (p < 0.05), improved cell
viability (p < 0.05), and attenuated apoptosis (p < 0.05). Mechanistically, BACE?2 silencing restored MKP1 expression (p <
0.05), suppressed NF-<B activation (p < 0.05), and inhibited NLRP3 inflammasome signaling (p < 0.05). In UC mice, BACE2
knockdown alleviated colonic inflammation, whereas MKP1 inhibition partially reversed these protective effects.

Conclusion: BACE2 is aberrantly upregulated in UC and exacerbates disease progression by downregulating MKP1 and acti-
vating the NF-xB/NLRP3 pathway. Targeting BACE2 may provide a novel approach to inflammatory bowel disease.
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Introduction

Ulcerative colitis (UC), a common subtype within the
spectrum of inflammatory bowel disease (IBD), represents
a long-standing and relapsing inflammatory condition af-
fecting the large intestine, marked by damage to the epithe-
lial barrier, distortion of crypt architecture, and mucosal
ulceration [1,2]. Its incidence and prevalence have been
increasing worldwide, severely affecting patients’ daily
functioning and imposing a substantial burden on health-
care systems [3,4]. Although the etiology of UC remains
incompletely understood, accumulating evidence suggests
that UC pathogenesis arises from a multifaceted interaction
among host genetic factors, aberrant immune responses,
and environmental influences, as well as imbalances in in-
testinal microbial communities [5,6]. These factors con-
verge to disturb mucosal immune homeostasis, leading to

aberrant activation of inflammatory signaling pathways,
which in turn drive persistent intestinal inflammation and
tissue injury.

Recent studies underscore the importance of intracel-
lular regulatory molecules in orchestrating the inflamma-
tory response and disease progression in UC [7,8]. One
such molecule is S-site APP-cleaving enzyme 2 (BACE2),
a member of the aspartic protease family with diverse bi-
ological functions [9-11]. Unlike its homolog BACEI,
which is well known for its role in processing amyloid pre-
cursor protein in neurodegenerative disease, BACE2 ex-
hibits distinct tissue distribution and has been implicated
in multiple physiological and pathological processes. It has
been reported to influence pancreatic S-cell performance
and systemic glucose regulation [11], and has also shown
to associate with cancer progression, where it influences
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cell proliferation, invasion, and apoptosis resistance [12—
14]. Beyond metabolic and oncogenic contexts, proteases
such as BACE2 may also regulate immune responses by
modulating signaling pathways and cytokine activity [15].
Despite these emerging insights, the specific contribution
of BACE2 to gastrointestinal inflammation and mucosal
homeostasis in ulcerative colitis remains poorly defined.

Mechanistically, inflammation in UC is tightly linked
to enhanced nuclear factor kappa-B (NF-xB) pathway
and subsequent activation of downstream effectors such
as the NOD-, LRR- and pyrin domain-containing pro-
tein 3 (NLRP3) signaling complex. This process facili-
tates the secretion of proinflammatory cytokines and am-
plifies mucosal injury [16—18]. Importantly, MAP ki-
nase phosphatase-1 (MKP1) serves as a critical inhibitory
modulator of mitogen-activated protein kinase (MAPK)
and NF-xB signaling, thereby modulating inflammatory re-
sponses [19,20]. Whether BACE2 contributes to UC pro-
gression by regulating MKP1 and consequently affecting
NF-xB/NLRP3 signaling has not yet been elucidated.

Therefore, this study aimed to delineate the expression
profile and biological significance of BACE2 in UC using
both bioinformatics analysis and experimental validation in
cellular and animal models. Specifically, we explored how
BACE2 knockdown affects the release of proinflammatory
mediators, apoptosis, and the MKP1/NF-xB/NLRP3 path-
way activity. Clarifying the role of BACE2 in UC may
deepen insights into the molecular mechanisms of intesti-
nal inflammation while identifying BACE2 as a promising
therapeutic target.

Materials and Methods

Bioinformatics Analysis

The GSE53306 and GSE75214 gene expression
datasets were obtained from the Gene Expression Om-
nibus (GEO) repository (https://www.ncbi.nlm.nih.gov/geo
/). Differentially expressed genes (DEGs) between UC and
control samples were identified using the limma package in
R (version 4.2.0, R Foundation for Statistical Computing,
Vienna, Austria) with a threshold of |log2 fold change| >1.5
and adjusted p < 0.05. Intersecting DEGs between the two
datasets were identified using Venn diagram analysis. For
subsequent analyses, the ten most significantly upregulated
and downregulated genes from each dataset were chosen to
further expression and correlation analyses. Heatmaps and
correlation matrices were created with the pheatmap and
corrplot R packages to visualize these results.

Animals and UC Model

Six- to eight-week-old male C57BL/6 mice were pur-
chased from SPF (Beijing) biotechnology Co., Ltd. and ac-
climatized for one week. Following acclimatization, mice
were randomly divided into four groups (n = 6): (1) Control
group, receiving distilled water throughout the study; (2)
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UC group, administered 3% dextran sulfate sodium (DSS;
9011-18-1, MP Biomedicals, CA, USA) in drinking water
ad libitum for 7 days followed by normal water for 3 days;
(3) UC + Ad-shBACE2 group, receiving DSS as above de-
scribed and subsequently treated with Ad-shBACE2 (an
adenovirus containing BACE2 short hairpin RNA, Obio,
Shanghai, China) via the tail vein; (4) UC + Ad-shBACE2 +
MKP1 inhibitor group, receiving DSS and Ad-shBACE?2 as
above described, along with intraperitoneal injection of the
MKP1 inhibitor NSC 95397 (4 mg/kg, dissolved in 200 uL
PBS/2.5% DMSO vehicle; HY-108543, MCE, NJ, USA)
once daily for 3 consecutive days before euthanasia.

During the experimental period, body weight, disease
activity index (DAI), and stool consistency were moni-
tored daily. After completing the 14-day treatment regi-
men, mice were euthanized, and colon length was assessed,
with colonic tissues and blood samples subsequently col-
lected for subsequent histological, molecular, and biochem-
ical analyses. Mice received intraperitoneal anesthesia us-
ing pentobarbital sodium (50 mg/kg) before tissue harvest-
ing and were humanely euthanized via CO2 exposure, fol-
lowed by cervical dislocation to confirm death.

Cell Culture and Treatments

RAW264.7 murine macrophages were obtained from
Procell (CL-0190, Wuhan, China) and cultured in Dul-
becco’s Modified Eagle’s Medium (DMEM, 11965118,
Gibco, CA, USA) supplemented with 10% heat-inactivated
fetal bovine serum (FBS, A5670701, Gibco, CA, USA) and
1% penicillin-streptomycin (15140122, Gibco, CA, USA).
Cells were maintained at 37 °C in a humidified incubator
containing 5% COg and sub-cultured every 2—3 days once
confluence reached approximately 70-80%. RAW264.7
cells displayed typical macrophage-like morphology, char-
acterized by an adherent, polygonal shape with expanding
cytoplasmic extensions. RAW264.7 cells were morpholog-
ically normal and tested negative for mycoplasma contam-
ination.

For induction of inflammatory responses, RAW264.7
cells were stimulated with lipopolysaccharide (LPS, L2880,
Sigma-Aldrich, MI, USA) at 1 ug/mL for 6 h, while control
group received an equal volume of PBS.

For gene silencing, RAW264.7 cells (2 x 10°
cells/well) were seeded into 6-well plates and transfected
with sh-BACE2 plasmids or negative control vector (shNC;
GeneChem, Shanghai, China) using Lipofectamine 3000
(L3000001, Thermo Fisher Scientific, MA, USA) ac-
cording to the manufacturer’s protocol. Briefly, plasmid
DNA and transfection reagent were diluted in medium,
mixed for 15 min at room temperature, and the result-
ing mixture was gently applied to cells. After 6 h,
the medium was replaced with refresh complete DMEM.
Cells were harvested 48 h later, and the knockdown ef-
ficiency was assessed later using qRT-PCR and West-
ern blotting. The target sequence of sh-BACE2 was 5'-
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GGTGGACAACCTTCAGGGGGA-3’. A non-targeting
sequence (5'-TTCTCCGAACGTGTCACGT-3") was used
as a scrambled negative control.

Western Blot Analysis

Total protein was extracted from colon tissues or cul-
tured cells using RIPA lysis (R0278, Sigma-Aldrich, MI,
USA). Protein concentration was determined using BCA
assay (PP102-01, Beyotime, Shanghai, China). Equal
amounts of protein were separated by SDS-PAGE and
transferred onto PVDF membranes. Membranes were in-
cubated with primary antibodies against BACE2 (1:500,
16321-1-AP, Proteintech, Wuhan, China), MKP1 (1:1000,
35217, Cell Signaling Technology, MA, USA), NF-xB p65
(1:5000, 80979-1-RR, Proteintech, Wuhan, China), p-NF-
kB p65 (1:2000, 82335-1-RR, Proteintech, Wuhan, China),
NLRP3 (1:2000, 30109-1-AP, Proteintech, Wuhan, China),
IL-15 (1:1000, 26048-1-AP, Proteintech, Wuhan, China),
and GAPDH (1:5000, 10494-1-AP, Proteintech, Wuhan,
China), followed by HRP-conjugated secondary antibodies
(1:2000, SA00001-2, Proteintech, Wuhan, China). Signals
were detected using enhanced chemiluminescence (ECL)
reagents and quantified using Image] software (version
1.53, National Institutes of Health, MD, USA).

Quantitative Real-Time PCR (qRT-PCR)

Total RNA was extracted using TRIzol reagent
(15596026CN, Invitrogen, CA, USA) and reverse-
transcribed to cDNA using HiScript II Q RT SuperMix
for qPCR (R222-01, Vazyme, Nanjing, China). qRT-PCR
was performed using TB Green Premix Ex Taq II (638319,
Takara, Shiga, Japan) on ABI7500 quantitative PCR
instrument (Applied Biosystems, CA, USA). Relative
mRNA expression levels were calculated using the 224t
method and normalized to GAPDH. Primer sequences
were shown in Table 1.

Enzyme-Linked Immunosorbent Assay (ELISA)

The levels of TNF-«, IL-13, and IL-6 in culture su-
pernatants were measured using commercial ELISA kits
(E-EL-M3063, E-EL-M0037, E-EL-MO0044, Elabscience,
Wuhan, China) according to the manufacturer’s instruc-
tions.

Table 1. Primer sequences.

Gene Primer sequence (5'-3")
BACE? F: GATTGGTGCGACCGTGATGGAA
R: GTTGCTGGCTATGTCTTCCGTG
F: CATCACTGCCACCCAGAAGACTG
GAPDH

R: ATGCCAGTGAGCTTCCCGTTCAG

BACE2, p-site APP cleaving enzyme 2; GAPDH,
glyceraldehyde-3-phosphate dehydrogenase.

Hematoxylin-Eosin (HE) Staining

Colon tissues were collected, gently flushed with
chilled PBS to remove fecal residues, and preserved in 4%
paraformaldehyde at 4 °C for 24 h. After fixation, tissues
were sequentially dehydrated in graded ethanol, cleared
with xylene, and embedded in paraffin. Tissue blocks were
sectioned at a thickness of 4—5 um with a rotary microtome,
followed by HE staining to evaluate histopathological al-
terations. Images were acquired with an Olympus BX53
microscope (Olympus, Tokyo, Japan).

Immunohistochemistry

Immunohistochemistry (IHC) was performed to as-
sess BACE2 expression in mouse colon tissues. Paraffin-
embedded sections were deparaffinized, rehydrated, and in-
cubated overnight at 4 °C with an anti-BACE2 antibody
(1:50, 16321-1-AP, Proteintech, Wuhan, China). After-
wards, sections were treated with HRP-conjugated sec-
ondary antibody for 1 h at room temperature, followed by
DAB and hematoxylin counterstaining. Images were cap-
tured using a light microscope. The quantification of posi-
tive staining was analyzed using ImageJ software.

Cell Viability Assay

Cell viability was determined using the Cell Counting
Kit-8 (CCK-8, CK04, Dojindo, Japan). RAW264.7 cells
(1 x 10* cells/well) were plated in 96-well plates and cul-
tured overnight for adherence. After 48 h, 10 uL of CCK-
8 reagent was added to wells containing 100 pL of cul-
ture medium and incubated for 2 h at 37 °C. Absorbance
at 450 nm was recorded with a microplate reader (ELx800,
BioTek, VT, USA), and results were expressed as a percent-
age relative to the control group. Cell viability was calcu-
lated using the following formula: Cell viability (%) = (OD
experiment — OD blank)/(OD control — OD blank) x 100%.

Apoptosis Assays

Apoptosis was assessed by flow cytometry. Briefly,
cells were harvested, rinsed twice with cold PBS, and
stained with Annexin V-FITC/propidium iodide (PI) using
a commercial kit (556547, BD Biosciences, CA, USA).
Fluorescence signals were analyzed on a flow cytometer
(BD FACSCalibur, BD Biosciences, CA, USA), and data
were processed with FlowJo software (version 1.53, FlowJo
LLC, Ashland, OR, USA).

Statistical Analysis

All experiments were performed at least three times
independently. Data are presented as mean + standard
deviation (SD). The Shapiro—Wilk test was applied to as-
sess data normality before performing parametric analy-
ses. Statistical analyses were conducted using GraphPad
Prism 9.5 (GraphPad Software, CA, USA). Differences be-
tween two groups were analyzed using Student’s ¢-test, and
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Fig. 1. Identification and expression analysis of DEGs. (A,B) Volcano plots of DEGs in the GSE53306 and GSE75214 datasets
and the Venn diagram showing their intersection. (C,D) Heatmaps showing the top 10 upregulated and top 10 downregulated DEGs in
the GSE53306 and GSE75214 datasets. (E,F) Correlation heatmaps of the top 10 upregulated and top 10 downregulated DEGs in the
GSE53306 and GSE75214 datasets. DEGs, differentially expressed genes.
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Fig. 2. Expression of BACE2 in UC mouse models. (A—C) Changes in body weight, DAI, and colon length in normal and UC mice. (D)

Western blot analysis was performed to determine BACE2 protein expression levels in colon tissues. (E) Quantification was conducted to

compare relative protein levels between groups. (F) QqRT-PCR detection of BACE2 mRNA levels in colon tissues. (G) Histopathological

analysis of colon tissues using HE staining. (H) Immunohistochemical staining to assess the expression and distribution of BACE2. (I)
Quantification of BACE2 expression based on staining percentage. n = 6. ** p < 0.01, *** p < 0.001. BACE2, §-site APP cleaving
enzyme 2; UC, Ulcerative colitis; DAI, disease activity index; gqRT-PCR, quantitative real-time PCR; HE, Hematoxylin-Eosin.

multiple group comparisons were performed using one-way
ANOVA followed by Tukey’s post hoc test. A p < 0.05 was
considered statistically significant.

Results

Screening of DEGs in UC Datasets and
Identification of BACE?2

To identify potential genes contributing to UC de-
velopment, RNA expression profiles from the GSE53306
and GSE75214 datasets were analyzed. DEGs were iden-
tified in both datasets, as illustrated in the volcano plots
(Fig. 1A,B). Intersection analysis revealed 262 common

DEGs shared by both datasets. To further characterize
these candidates, we examined their expression patterns
and identified the most markedly upregulated and down-
regulated transcripts in each dataset, which are presented
in heatmaps (Fig. 1C,D). Correlation analysis of these
hub DEGs demonstrated distinct clustering patterns, indi-
cating strong expression relevance among selected genes
(Fig. 1E,F). Based on these results, BACE2 emerged as one
of the highly expressed genes, suggesting its potential in-
volvement in UC pathogenesis and warranting further func-
tional investigation.
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Fig. 3. Effects of BACE2 knockdown on LPS-induced inflammation and apoptosis in RAW264.7 cells. (A—C) Western blot and
qRT-PCR analyses of BACE2 protein and mRNA expression following LPS and sh-BACE?2 treatment. (D-F) ELISA analysis of TNF-
a, IL-18, and IL-6 expression levels. (G) Cell viability analysis by CCK-8 assay. (H,I) Flow cytometry analysis and quantification of

apoptosis rates. n=3. ns p > 0.05, ** p < 0.01, *** p < 0.001. LPS,

TNF-«, tumor necrosis factor-alpha; IL-14, interleukin-1 beta; CCK-

Upregulation of BACE?2 in UC Mouse Models

A UC mouse model was generated to evaluate the in-
volvement of BACE2 in disease pathogenesis. UC mice
displayed significant reductions in body weight, elevated
DALI scores, and shortened colon compared with control
mice (Fig. 2A-C; p < 0.05). Western blotting showed sig-
nificantly elevated BACE2 protein levels in colon tissues of
UC mice (Fig. 2D,E; p < 0.05), consistent with the signifi-
cant upregulation of BACE2 mRNA detected by qRT-PCR
(Fig. 2F; p < 0.05). Histological examination by HE stain-

lipopolysaccharide; ELISA, enzyme-linked immunosorbent assay;
8, Cell Counting Kit-8.

ing demonstrated typical pathological alterations in UC
mice, including epithelial damage, crypt architectural dis-
tortion, and inflammatory cell infiltration (Fig. 2G). More-
over, immunohistochemical staining confirmed enhanced
BACE2 expression and its altered spatial distribution in UC
colon tissues (Fig. 2H,I). Collectively, these findings indi-
cate a significant upregulation of BACE2 in UC mice and
suggest its potential contribution to disease progression.


https://www.discovmed.com/

194

Q}
A S
o NS
SR A
® NS REIN
MKP1 -— @ -
NF-kB p65 L X _ ¥ ]
D
p-NF-kB p65 - S E——
NLRP3 L . e .-
IL-1B -——
GAPDH .---I

Relative expression of protein

MKP1/GAPDH p-NF-kB p65/NF-kB p65
o
1.5+ £, kxx NS x
*kk NS kkx ° 1
=
s
1.0 ° .
°
73
(7
2
0.5 £ 1-
GJ
[
2
0.0 E 0-
AN
(&0 Q% ‘\‘e() 0& \«0\ \g‘b 'éo o&
< & QX & & ¥
% ! 9 S 2
Q & Q‘.) &\
A% 9" W gxg
N <
NLRP3/GAPDH E IL-1B/GAPDH
- k% NS kkxk c
%4- I T %8' k%% NS kkk
- 3 8 '
o 5 6
3 5
224 ]
$2 g 4
] S
8 4 S,
s g
g 3
9 0- T T T © 0-
« ©
AN
,60 QQ '\;o ()él' \so\ Q% 'eo 0&
& S X & VoK
] ' (&) o
K & &
3 \g"’—'

Fig. 4. Regulation of the MKP1/NF-<B/NLRP3 signaling pathway by BACE2. (A) Western blot analysis of MKP1, NF-«B p65, p-
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of MKP1, NF-.B p65, p-NF-xB p65, NLRP3, and IL-1/ protein expression. n=3. ns p > 0.05, * p < 0.05, *** p < 0.001. MKP1,
MAP kinase phosphatase-1; NF-xB, nuclear factor kappa-B; NLRP3, NOD-, LRR- and pyrin domain-containing protein 3.

Knockdown of BACE?2 Attenuates LPS-Induced
Inflammation and Apoptosis

To elucidate the functional role of BACE2 in in-
flammatory injury, RAW264.7 macrophages were ex-
posed to LPS stimulation in the presence or absence of
BACE?2 silencing. The efficiency of BACE2 knockdown
in RAW264.7 cells was first verified by Western blot
and qRT-PCR analyses, which confirmed a significant
reduction in both protein and mRNA levels in the sh-
BACE2 group compared with the control and sh-NC groups
(Supplementary Fig. 1A-C; p < 0.05). Western blot and
qRT-PCR analyses confirmed that LPS markedly upreg-
ulated BACE2 (p < 0.05), whereas transfection with sh-
BACE2 effectively suppressed this upregulation (Fig. 3A—
C; p < 0.05). ELISA analysis demonstrated that knock-
down of BACE2 markedly reduced the levels of TNF-q,
IL-18, and IL-6 compared with LPS-stimulated controls
(Fig. 3D-F; p < 0.05). Functionally, CCK-8 assays re-
vealed that BACE2 silencing alleviated LPS-induced re-
ductions in cell viability (Fig. 3G; p < 0.05). Further-
more, flow cytometry consistently revealed that BACE2
knockdown significantly decreased LPS-induced apopto-

sis in RAW264.7 cells (Fig. 3H,I; p < 0.05). Collec-
tively, these findings indicate that BACE2 knockdown at-
tenuates LPS-induced inflammatory responses and apopto-
sis in macrophages.

BACE?2 Modulates the MKP1/NF-xB/NLRP3
Signaling Pathway in LPS-Stimulated Macrophages

To investigate how BACE2 modulates inflamma-
tion, we assessed the MKP1/NF-xB/NLRP3 pathway in
RAW264.7 cells. Western blotting showed that LPS stim-
ulation significantly enhanced the NF-xB p65 phosphory-
lation, and upregulated NLRP3 and IL-13 levels, while
concomitantly reducing MKP1 protein levels (Fig. 4A-E;
p < 0.05). In contrast, BACE2 knockdown significantly
increased MKP1 expression and reversed the above LPS-
driven changes (Fig. 4B-E; p < 0.05). These findings
suggest that BACE2 promotes inflammatory signaling in
macrophages at least in part by inhibiting MKP1 and acti-
vating the NF-xB/NLRP3 axis.
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Fig. 5. BACE2 knockdown and MKP1 inhibition modulate disease progression in UC mice. (A—C) Validation of BACE2 knockdown
efficiency in colon tissues of mice transfected with Ad-shBACE2, determined by qRT-PCR and Western blot analyses. (D-F) Changes
in body weight, DAI, and colon length in mice treated with Ad-shBACE2 and MKP1 inhibitor. (G) Western blot analysis of BACE2,
MKP1, NF-xB p65, p-NF-xB p65, NLRP3, and IL-15 protein expression in colon tissues. (H-L) Quantitative analysis of BACE2,
MKP1, NF-£B p65, p-NF-xB p65, NLRP3, and IL-17 protein expression. (M) Representative HE staining of colon tissues. n = 6. ns p

> 0.05, % p < 0.05, ** p < 0.01, *** p < 0.001.

BACE?2 Knockdown Ameliorates UC Progression via
MKPI/NF-kB/NLRP3 Signaling in Mice

To confirm the efficiency of BACE2 knockdown in
vivo, we first evaluated BACE2 expression in colon tissues

of mice transfected with Ad-shBACE2. Consistent with
the in vitro findings, the efficiency of BACE?2 silencing in
mouse colon tissues was independently verified in Supple-
mentary Fig. 2, where Western blot and qRT-PCR anal-
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yses demonstrated significant reductions in both BACE2
protein and mRNA levels in the Ad-shBACE2 group com-
pared with the con and Ad-shNC groups (Supplementary
Fig. 2A-C; p < 0.05). Both qRT-PCR and Western blot
analyses showed significantly decreased BACE2 mRNA
and protein levels compared with control and UC groups
(p < 0.05), indicating successful transfection and effec-
tive gene silencing (Fig. 5A—C). To further validate the
in vivo relevance of BACE2 in UC pathogenesis, a DSS-
induced UC mouse model was treated with Ad-shBACE2
in the presence of the MKP1 inhibitor. Compared with UC
mice, Ad-shBACE2 treatment significantly alleviated dis-
ease severity, as evidenced by improved body weight, lower
DALI scores, and restoration of colon length (Fig. 5D-F; p
< 0.05). Western blot analysis further demonstrated that
BACE2 knockdown markedly enhanced MKP1 expression
while suppressing NF-xB p65 phosphorylation, NLRP3,
and IL-14 levels in colon tissues (Fig. 5G-L; p < 0.05). Im-
portantly, the therapeutic effects of BACE2 silencing were
partly abolished by MKP1 inhibition (p < 0.05), suggesting
that MKP1 serves as a key downstream effector of BACE2.
Histopathological examination by HE staining revealed that
BACE2 knockdown mitigated epithelial disruption, crypt
damage, and inflammatory cell infiltration, whereas MKP1
inhibition reversed these protective effects (Fig. 5SM). Col-
lectively, these results confirm that BACE2 promotes UC
progression by negatively regulating MKP1 and activating
the NF-xB/NLRP3 signaling pathway in vivo.

Discussion

UC is a chronic inflammatory bowel disorder, char-
acterized by recurrent mucosal injury and epithelial bar-
rier disruption [21]. Despite advances in understanding
its immunopathology, the molecular mechanisms driving
disease progression remain unclear. This study identi-
fied BACE2 as a novel UC-associated gene through inte-
grative transcriptomic analyses of public datasets and fur-
ther validated its role in both cellular and animal models.
The results demonstrate that BACE2 is upregulated in UC
and contributes to disease progression by modulating the
MKP1/NF-xB/NLRP3 signaling axis.

Through differential gene analysis of GSE53306 and
GSE75214 datasets, BACE2 was consistently identified
among the top upregulated genes in UC samples, highlight-
ing its potential relevance to disease pathogenesis. Func-
tional experiments further revealed that BACE?2 expression
is significantly increased in UC mouse models, in parallel
with severe colonic inflammation and tissue damage. Im-
portantly, BACE2 knockdown in macrophages alleviated
LPS-induced inflammatory responses and apoptosis, under-
scoring its pro-inflammatory role in innate immune regula-
tion. These findings are in line with growing evidence that
members of the BACE family exert effects beyond neuro-
biology: dysregulated BACE2 expression has been asso-

ciated with altered cytokine milieus and cellular stress re-
sponses in non-neural tissues, and proteolytic activity of as-
partic proteases can modulate signaling cascades linked to
inflammation [13,22].

Mechanistically, our results provide new insights into
how BACE2 promotes UC pathogenesis. We observed that
BACE?2 silencing restored MKP1 expression while sup-
pressing NF-xB p65 phosphorylation, NLRP3 activation,
and downstream IL-13 production. This indicates that
BACE2 negatively modulates MKP1, thereby enhancing
NF-«B signaling and inflammasome activation. Given that
MKP1 is a well-established brake on MAPK/NF-xB sig-
naling, and its loss promotes sustained intestinal inflamma-
tion [23]. Consistent with this, in vivo experiments demon-
strated that BACE2 knockdown ameliorated UC severity,
whereas MKP1 inhibition attenuated these protective ef-
fects, confirming the functional interplay between BACE2
and MKPI1/NF-«B/NLRP3 signaling in disease progres-
sion. Similar crosstalk between MAPK phosphatases and
inflammasome activation has also been observed in other
inflammatory models, underscoring the broader biological
relevance of this regulatory axis [24].

Our study thus positions BACE?2 as a critical mediator
linking epithelial and immune cell dysfunction in UC. No-
tably, most existing research on BACE2 has focused on its
role in neurodegenerative diseases, where it regulates amy-
loid precursor protein processing. The present findings im-
plicate BACE2 in chronic intestinal inflammation, expand-
ing its biological relevance of beyond the central nervous
system and prompting further investigation into its tissue-
specific regulation and broader immunomodulatory roles.

Nevertheless, several limitations should be acknowl-
edged. First, while we confirmed the pathogenic role of
BACE2 in murine and cellular models, clinical valida-
tion using patient-derived tissues is necessary to strengthen
translational relevance. Second, the precise molecular in-
teraction between BACE2 and MKP1 remains unclear and
warrants further mechanistic exploration, potentially in-
volving protein—protein interaction assays. Finally, given
the multifactorial etiology of UC, future research should
also assess whether BACE2 interacts with other signaling
pathways driving epithelial barrier dysfunction and immune
dysregulation.

Conclusion

This study demonstrates that BACE?2 is significantly
upregulated in UC and functions as a pro-inflammatory reg-
ulator in both cellular and animal models. Silencing of
BACE2 alleviates inflammatory cytokine production, re-
stores cell viability, and reduces apoptosis in macrophages.
Mechanistically, BACE2 aggravates intestinal inflamma-
tion by suppressing MKP1 and thereby promoting NF-
xB/NLRP3 signaling activation. In vivo, BACE2 knock-
down ameliorates UC severity, whereas MKP1 inhibition
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counteracts these protective effects, highlighting MKP1 as
a key downstream mediator. Collectively, these results
highlight BACE2 as a critical contributor to UC progres-
sion and a potential therapeutic target within the BACE2—
MKP1/NF-xB/NLRP3 axis.
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